Managed delay for coronary artery bypass graft surgery: The experience at one Canadian center  by Cox, Jafna L. et al.
JAW Vol. 27. No. 6 
May ly96:1355-73 
136.5 
-- 
Managed Delay for Coronary Artery Bypass Graft Surgery: 
The Experience at One Canadian Center 
JAFNA L. COX, MD,, FRCPC, JEAN F. PETRIE, BScN, RN, 
P. TIMOTHY PQLLAK, MD, PHD, FRCPC, DAVID E. JOHNSTONE, MD, FRCPC, FACC 
Hali& Nova Scotia, CaMdo 
tJlfeuk..istudyswghtt5osscsstbclmpoet5fdel5yillg 
coromuy artery bypass surgery at one Canadian academic tertiary 
r&ml center. 
fk%grw&Kl&~aeeesstomedical smiwsincanada 
comesattbeegpenseofwaittnglistswhoseimpactb8sbeen 
incompleteiy assessed. 
M&it& A prospective+ observational stmly of all resideots of 
Nova Scotta and I’rince Edward Island acceptd for bypass 
~rybplreeo1Aprii1992and31October1992waswJertak 
-1)htbWtlk?gegl&Wh?S~~~,alld 
2) the ineide5ce of cardiac death. no&&al mjwardhl ilhrcth 
and worsening cGp@oms 5ssociated with dekayed tlperatioa 
Tbeanal@sbd9Wpowrtodetectamortalityra~ofh3% 
(alpha 0.05). 
As Americans consider health care reform, the Canadian 
model has corn2 under increased scrutiny (l-3). Universal 
access is offered in Canada, but at the expense of long waiting 
lii (4-8). Whereas patients requiring urgent surgery are 
managed promptly, limited resources dictate that nonurgent 
Patients must wait varying lengths of time for their operation. 
Such delay of medical services is defensible only if the process 
used is safe and fair (9). 
Delayed coronary artery bypass graft surgery in Canada has 
generated debate about budget limits and health care needs 
(10-16). In 1988 and 1989, a dramatic increase in referrals for 
bypass surgery overwhelmed surgical capacity (17). Patients 
waited a mean of 22.6 weeks for elective surgery (18), and 
some died. Uncoordinated referral and inconsistent ap- 
proaches to prioritizing patients aggravated the situation 
withwgorgenderbiasidentified.0peratioaoanrredat~1 
~intS%,~l~tein~,aod>Q~~sial.~.TBerr 
werenononf5toKmyocardiiinEurtioss,batfwecardiacdwtlts 
OcemTed (12%). of275 patbits IKlt ieitiauy dassikd as mgery 
&4%rctpddrwlosslltionto~priwitiesbcwaseof 
WOWWiOgSjWlptooas:ilowK5id perlopmtivc~tnfarc- 
tionordied.Oneinfoarpatimtsquwedkmgerthttarget 
rraitlt4gtitll&Oalp4%OfpOtil?UtScessidered~Oa 
thebasisofmcdtcaK5wdlmfair,bat64%~atk?ast 
- a5siety. 
tzimdem.Tllisbiagesysteeequitably-pattwtsto 
aqueue.DeatbswerermeandamldItatbe~ w*trirgc 
pmcess. Patients with wowwbtgdKnicaKstatwMrcsafe4yac. 
coi5m&~witll~~tims,imtranrerasd5 
regaId&wcwsivewaitKngtImesaadpatiwt~. 
(YAm Gdl cuJ$Jd 15@9@7:13ts-73) 
(4.1920). Cardiac surgical centers msponded by developing 
rational systems for asses&g patient priority similar to triage 
guidelines published in 1990 by a consensus panel (21). None- 
the& eoncem peAst because critical evaluation of the 
safety and fairness of queuing is only lately being done (2223). 
Both a recent international comparison of waiting times (24) 
and IS accompanying editorial (2.5) stremed the need for more 
outcomes data. 
Canadian patients wait for speziaiist assessmen~angiogm- 
phy, referral to surgery and 6naUy for ava&bility of surgkal 
facilities. The care before surgical referral remains largely 
discretionary, and data regarding its process and outcomes are 
limited. In practice, however, the true surgical delay extends 
from the decision to proceed with surgery until the operation 
We&ertookaprosp&koutcomes amessmentoftbe~ 
usedtoprioritizepatientsforbjpasssutgeryfoknv&surgicA 
referral at one &radian cardiavasadar center. Speciscany, we 
mughttoestabkhwhetherourtriagesystemwassafeand 
equhbleintermsofpatientsin~beingtriagedamwdiogto 
explicitaiteriaofmedicalneed.Further,weaimedtoO 
wktherlocaltargetsforsur@caIdeiayswerebeingmet. 
Patienttrlagepwwsa l%eViioriaGeneralisateadring 
hospital of Dakousie Unkxsitv, Halifax, Nova Scotia It is the 
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sole provider of cardiovascular surgery to the Provinces of 
Nova Scotia and Prince Edward island, a population of roughly 
one rnUf,ion persons. Six cardiovascular rurgeons perform 
approximately 1000 coronary bypass procedures each year. 
Halifax is the only center in Canada where all patients 
requiring mvascularization within two provinces are reviewed 
at a single, centralieed cardiovascular conference. This pro- 
vides a unique opportunity to assess the triage process. Pa- 
tients are presented, reviewer! evaluated, prioritized and 
scheduled for surgery based on QWXI.W opinion. Patients 
cannot circumvent this system except by having surgery done 
outside of Nova Scotia, and, because there is no mechanism for 
outside referral, thii occurrence is rare. 
All patients referred for bypass surgery are stratified, 
according to a four-tiered urgency-ranking scheme, by coosen- 
sus at a weekly conference of cardiovascular specialists that 
functioas as an instrumeot of peer review. Explicit guidelines 
(see Appendix) are used to assess the suitability and relative 
urgency of surgery among all patients referred. Similar to 
organ&d referral systems elsewhere in Canada (21), the 
process takes into accuunt symptom severity, coronary anat- 
only and fmlctional status only. 
IO 1991, a task force, which included community-based 
primary care physicians as well as university-affiliated cardii 
vascular specialists, was asked to develop standards for access 
to various cardiovascular services in Nova Scotia. This body 
reported to the Metropolitan Hospital Advisory C!onunittee 
and the Nova Scotia Department of Health. Because- of 
evidence suggesting that half of patients ill for longer than 6 
months may fail to return to work (Xi), the task force 
recommended that 6 months be set as the maximum elective 
delay for cardiac catheterization and surgery combined. Ac- 
cordingly, target waiting times are within a week of prioritiza- 
tion for urgent patients who remain in hospital until their 
operative date, 2 to 4 weeks for semiurgeot A patients, 4 to 10 
weeks for those ranked semiurgent B, and 10 to 16 weeks for 
elective patients 
Patients are generally assigned the first available surgeon. 
Requests for specific surgeons are accommodated where pos- 
sible, but patients are given to understand that this may 
lengthen their waiting time. If a patient is deemed by the 
attending cardiologist to warrant earlier surgery, usually be- 
cause of worsening symptoms, then the data in support of 
re&s&icatioo are reviewed at a subsequent cardiovascular 
conference. The decision to reclassify and the revised pticCr;ty 
ranking are again established by consensus. 
Stwrly pqmh#Ion. The hospital’s Research Review Com- 
mittee approved pmspect% follow-up of consecutive patients 
referred for isolated bypass surgery from April 1, 1992 to 
October 31, 1%2. Surgical delays were defined as the time 
from priority assignment at the surgical conference to surgery. 
pe four outcomes of interest were surgery as schedul& 
cardiac death (de&red clinic@ as fatal myocardial infarction, 
documented arrIwtbmic death or sudden death without a 
ooocdh etio&y), nonfatxd rtgwxdial infm (defined 
aS W @a0 ofchamctetistic svtrtm eWmcardiogranhic 
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changes or cardiac enzyme rise), and patient reclassifi~tioo to 
a more urgent category because of a change in clinical status. 
Patients undergoing cardiovascular surgery that did not 
involve bypass grafting or in whom bypass grafting was under- 
taken in conjunction with another procedure, such as valve 
replacement, were excluded. The intent was to ensure compa- 
rability between patients by eliminating pathologies with po- 
tentially confounding influences on prioritization and out- 
comes. 
Data acquisition and entry. After providing informed con- 
sent, patients were surveyed at the time of cardiac catheteriza- 
tion (generally occurring within a week of discussion at con- 
ference) regarding a variety of demographic and baseline 
clinical da’3, includiig employment status, symptom severity, 
history of prior cardiac events and comorbid ailments. Symp- 
toms were appraised using a modified Canadian Cardiovascu- 
lar Society angina classification scheme (21), which enables 
specilic assessment of unstable angina. Under thii scheme, 
class IVa refers to unstable angina resolving with oral therapy, 
class IVb refers to unstable angina resolving partly with oral 
therapy but returning with minimal provocation, and class IVc 
refers to unstable angina requiring parenteral or mechanical 
intervention, such as iotraaortic balloon support. In addition, a 
simple patient disability score was employed that queried 
whether indbiduals experienced “no,” “mild,” “moderate” or 
“severe limitation of desired activities” (27). 
Chart abstraction was used to obtain information about 
medications, extent of coronary artery disease and ejection 
fraction. Information was collected coocemmg any interim 
hospitaliition, occurr@ anywhere, including the number of 
days spent in intensive and nonintensive care beds. The 
operative record &as reviewed to identify all perioperative 
deaths and myocardial infarctions. Cases where waiting re- 
sultcd in unstable svmptoros, and hence higher operative risks, 
were investigated because perioperative death in such circum- 
stances might be attributed to delayed surgery. If a patient 
failed to appear for surgery, the referring or family physician 
was contacted to establish the reason for the absence. In rare 
instances, obtaining this information required contacting the 
patient’s family. 
The charts on all patients who died awaiting surgery, all 
patients reclassified because of worsening symptoms and 50 
randomly selected cases were independently reabstracted and 
data reentered into computer to ensure integrity. 
Patient sati- and cnncerns. A subgroup of 100 
co-, ooneomgency patients consented to an interviewer- 
administered questionnaire during their surgical admission. 
Three isues were emined: 1) the level of anxiety attriirtable 
to the surgical waiting time, rated as “none,” “mild,” “moder- 
ate” or “severe”; 2) whether waiting provoked anger, and 
whether beiig queued on the basis of medical need was 
perceived as unfair, and 3) whether delayed surgery resulted in 
economic hardship. 
D&a i3aaIysis. AU data were expressed as means with 
standard deviations or as counts with propoWns. f%mpa&m 
ofmeanswasbvunoairedttestoranaKsofvarkmce. 
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Categoric variables were analyzed using the chi-square statistic 
or, where cell counts were low, Fisher’s exact test. Logistic 
regression was used to study the relation behveen patient 
variables and the outcomes of interest. The models included a 
number of prespecified variables hypothesized to relate to 
outcome, namely, all cardiac +-;k factors, history of prior 
myocardial infarction or congestive heart failure, Canadian 
Cardiovascular Society symptom classification, ejection frac- 
tion, left mainstem disease, proximal left anterior descending 
coronary artery disease and three-vessel coronary artery dis- 
ease. Also considered were any additional variables associated 
with outcome on univariate analysis at a significance level of 
p < 0.05. Finally, prior experience (23) suggested that waiting 
lists for bypass surgery in Canada are associated with approx- 
imately a 1% mortality. Because the perioperative mortality in 
our center is less than 3%, a waiting list mortality of 3% or 
greater was deemed unacceptable. To detect a mortality rate 
this high with 90% power mandated a minimum sample size of 
‘390 patients (one-tail test at the alpha = 0.05 level of signifi- 
cance). 
Results 
Patient population, waiting times and urgency ratings. 
There were 429 consecutive patients referred for isolated 
coronary artery bypass surgery during the study period. Six 
patients dropped out of the queue: one was canceled by the 
referring physician, two declined surgery themselves, two 
underwent surgery out of province and one died OI me&static 
colon cancer that had not been detected at the tirn: of referral. 
The remaining 423 (98.6%) patients continued -6 one of the 
prespecified outcomes. Of these, 148 (35%) were classified 
urgent, 41 (9.7%) semiurgent A, 165 (39%) semiurgent B and 
69 (16.3%) elective. 
Patkat eharaeteristies. Patient characteristics are listed in 
Table 1, stratified according to priority ranking. The mean age 
was 64.2 years (ranging from 31 lo 88 years). Just over one 
quarter of all patients were female. There was an unexplained 
tendency for retired patients and homemakers to be triaged 
more urgenti) 
Consistent with the criteria for prioritization, patients 
ranked urgent were most symptomatic. No differences were 
noted in symptom burden among those in the other three 
categories. reflecting the relatively greater influence of anat- 
omy and functional capacity on triage decisions in these 
groups. Four patients with unstable angina were Canadian 
Cardiovascular Society class IVc ai the time of cardiac cathe- 
terization but improved sufficiently to be triaged to nonurgent 
categories 
Patients manifesting a prior history of congestive heart 
failure received greater priority. There was also a trend for 
urgent patients to have had a prior myocardial infarction. The 
proportion of patients having specific cardiac risk factors did 
not differ across priority calegcries. 
Medical therapy. Patients ranked urgent more likely ne- 
ceiwd intravenous drugs (heparin and/or nitroglycerin) and 
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required hemdynslmrc support with an intraaortic balloon 
pump (Table 2). They also received more angiotensin- 
converting enzyme inhibitors and, indeed. more drugs of any 
kind. Nine patients who initially required intravenous medica- 
tions for unstable angina nevertheless stabilized and were 
triaged lo less urgent rankings. In all, 61.7% of study patients 
were managed with triple antianginal therapy (at least one 
each of nitrate, calcium channel blocker, and beta-adrenergic 
blocker), distributed as follows: urgent, 71.6%; semiurgent A, 
51.2%: semiurgent B. 53.96, and elective, 65.2% (p = 0.0055). 
Including aspirin, taken by 98.1% (no ditference across strata), 
a median number of four dnrg r&es were prescrvtid per 
patient. 
An&gtaphic results. Most patients had three-vessel cor- 
onary artery disease (Table 3). As expected, severe (~50% 
lumen narrowing) left mainstem disease was significantly more 
common among patients in the urgent and semiurgent A 
categories. Five patients with left mainstem disease had mini- 
mal symptoms and excellent functional capacity and so were 
assigned to elective surgery. Severe (~70% lumen narrowing) 
left anterior descending disease was most prevalent among 
patients in the urgent and semiurgent B categories but ceased 
to be statistically signiticant when only disease in the proximal 
third of the artery was considered. The distribution of angio- 
graphically determined mean ejection fractions varied across 
rankings. Specitically, elective patients had better left ventric- 
ular function than those ranked urgent (p = O.OlHl3). The 
ejection fraction was 40% or less in 30 (7.2%) patients and 
50% or less in 73 (17.4%) patients. 
Patient oetenmes. The mean surgical delay from priorili- 
ration was 62.3 ? 13.6 days. Patients triaged as urgent waited 
a mean of 2.8 2 3.7 days, semiurgent .? a mean of 19.2 -C 7.0 
days, semiurgent B a mean of 60.6 z 19.4 days and elective 
patients a mean of 122.0 + 38.8 days. 
Of the 384 (91%) patients operated on as scheduled 
according to their relative urgency rankings, 27.6% had surgery 
within 1 week, 47.4% within 4 weeks, and only 1.6% waited 
longer than 24 weeks (Table 4j. All urgent patients had surgery 
within 2 weeks. A single outlier ranked semiurgent B waited 
beyond 24 weeks because of a protracted evaluation for carotid 
and renal artery disease. Although patients undergoing surgery 
according to schedule were least likely to have sustained a 
prior myocardial infarction (p = 0.028), no patient variables 
predicted stability in the queue on multivariate analysis even 
when performed by separate stratification category. 
No patient sustained a nonfatal myocardial infarction. Five 
patients died suddenly of cardiac causes. at L28.9 and 27 
days after assignment of an urgency ranking and were equaliy 
distributed across the four priority strata (Table 5). Ar com- 
pared to patients whose surgery was as scheduled or reclassi- 
lied, they more likely bad a prior myocardial infarction (1 W% 
vs. 56.8%~ and 73.5%, p = 0.028), lower mean ejection fraction 
(49.0 vs. 62.5 and 62.8, p = 0.@6) and involvement of the left 
mainstem coronary artery (40% vs 5.2% and 2.9% p = 0.002). 
In addition, all were male, and all had three-vessel coronary 
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Tab!e 1. Patient DewwaDhic and Clinical Characterisrin 
_ . 
Total UIgCllc Semi-A Semi-B Elective P 
(n = 423) (n = 148) (n = 41) (n = 165) (n = 69) ValW 
Mean age (SD) 64.2 (10.3) 65.1 (10.1) 65.1(!0.8) 63.9 (l(1.3) 62.1 (10.0) 0.218 
Geadu 
Male 
Female 
Filtpl~Cttt 
EmplFed 
Uaemployed 
Unable to work 
Retired 
Homemaker 
ccs sore 
I 
11 
111 
IVEt 
WI! 
IVC 
Disability score 
1 
2 
3 
4 
Prior history of 
MI 
PTCA 
CAdi 
CHF 
Risk factors 
DM 
chol 
FamHx 
Smoker 
Prior 
Current 
HTN 
304 (71.9%) 
119(2&l%) 
105 (71.0%) 
43 (29.1%) 
82 (19.4%) 19(12.8%J 
8(1.91) 5 (3.44) 
26 (6.1%) 4 (2.7%) 
236 (55.8sI) Y3 (62.8%) 
?1(16.W) 27 (18.2%) 
6 (1.4%) 
31 (7.3%) 
235 (55.6r;) 
61 (14.4%) 
28 (6.6%) 
62 (14.74) 
l(O.75) 
5 (3.4s;) 
49(33.11) 
24 (lb&) 
1 I (7.49) 
58 (39.2%) 
5 (1.2%) 
51 (12.1%) 
210 (49.7%) 
157 (37.170) 
0 (0.0’;) 
7 (4.7%) 
50 (33.8%) 
91 (61.5%) 
248 (58.6%) 
60(14.2%) 
38 (9.0%: 
58 (13.7%) 
98 (66.28) 
23 (15.5%) 
13 (a%) 
34 (25.0%) 
96 (22.74) 
166 (39.3%) 
273 (64.5%) 
35 (23.7%j 
57 (38.5%) 
% (64.9%) 
23 (54.4%) 
69 (163%) 
223 (52.7%) 
75 (50.7%) 
21(14.2%) 
so (54.1%) 
29 (70.71) 
12 (29.32) 
6 (i4.6%) 
0 (no%) 
2 (4.9%) 
23 (56.1%) 
10 (24.W) 
0 (0.05, 
6 (14.6%) 
27 (65.9%) 
5 (7.36) 
4 (9.W) 
1 (2.4%) 
u (0.0%) 
7(17.1%) 
23 (56.1%) 
11(26.8%) 
20 (48.8c-c) 
7 (17.1%) 
5(12X) 
7 (17.1%) 
8 (19.56~) 
18 (45.0%) 
29 (7fL7R) 
25 (61.01) 
4 (9.W) 
21 (51.2%) 
116 (69.9%) 
50 (30.1%) 
41 (24.7%) 
2 (1.2%) 
il(6.6”ij 
87 (52.4%) 
25 (15.1%) 
4 (2.4%) 
9 (5.4%) 
It? (67.5%) 
26 (15.7%) 
12 (7.2%) 
3 (I.R%) 
2 (1.2%) 
24 (14.5%) 
98 (59.0%) 
42 (25.3%) 
95 (57.2%) 
16 (9.6%) 
11 (6.6%) 
15 (9.0%) 
38 (22.9%) 
66 (39.6%) 
101(60.8%) 
92 (55.4%) 
34 (205%) 
88 (53.0%) 
54 (79.4%) 
14 (20.6%J 0.507 
16 (23.5%) 
1 (154.1 
9 (13.2%) 
33 (48.5%) 
9 (13.29) 0.013 
1 (1.5”r) 
11 (16.25~ 
47 (69.1%) 
R (11.8%) 
1 (1.5%) 
0 (0.0%) < o.ocm 
3 (4.4%) 
13 (19.1%) 
39 (57.4%) 
13 (19.1%) < O.oool 
35 (51.5%) 0.081 
14 (20.6%) 0.132 
9 (13.2%) 0.368 
2 (2.9%) -c O.OtNl 
15 (22.1%) 
25 (36.8%) 
47 (69.1%) 
0.954 
0.854 
0.511 
38 (55.9%) 
10 (14.7%) 
34 (50.0%) 
0.287 
0.950 
Symptom gr+ aswell as a history of congestive heart failure (CHF), diabetff mellitu (DM), hypercholesterolemia (Chol), famiiy history of premature coronaq 
artery disease (FamHx) or hypertension (HTN) are as given by the referring cardiologist, who must submit any and all such information, with laboratory values as 
appropriate, at the surgical conference. Numbers in parentheses are standard deviatioos for continuous variables or proportions for categoric variables. pmpoctions 
may no1 add to 100% because of nwnding. CABG = mronary artety bypass grafting; CCS = Canadian Cardiwascalar !&iety; Ml = myocardial L&r&n; PK.4 = 
percutaneous tmnshaninal coronary angiopla~ty; Semi-A, Semi-B = semiurgent A, semiurgent B, respectively. 
artery disease. The number of deaths was too small for 
meaningful multivariate analysis. 
Of 275 patients not initially classilied urgent, 34 (12.4%) 
required reclassifkzation to a more urgent surgical category 
after developing unstable symptoms (Table 4), with no differ- 
ence across strata (p = 0.64). All were stabilized and accom- 
modated with an earlier surgical date, and none died or 
experienced a perioperative myocardial infarction during their 
surgical admission. Although there were 11 perioperative 
deaths, these occurred uniforridy among patients wjmse oper- 
ations took place according to schedule (Table 5). Reclassilied 
patients had the lowest prevalence of left mainstem &ease 
(2.9%) aad a rate of three-vessel disease similar to that of 
patients undergoing surgery as scheduled (64.7% vs. 64.3%). 
The only predictor of reclassification following multivariate 
analysis was a history of being in Canadian Cardiovascular 
!kciety class 1Vh or IVc at coronary angiography (odds ratio 
8.71; 95% confidence intervals 3.36 to 22.62; p = 0.0001). 
Rehospitakatior; was required by 37 patients (29 of whom 
were also reclassified), 4 (9.5%) semiurgent A, 23 (13.9%) 
semiurgent Band 10 (14.5%) elective, who together accounted 
for 119 intensive care bed days and 366 non-intensive care bed 
dayx 
Patient satisf~~~tinn and concerns. The 100 patients who 
answered our questionnaire were comparable to the overall 
study population except for their distriition across priority 
rankings (16% urgent, 8% semiurgent A, 43% semiurgent B 
and 33% elective). Thus, proportionately more electiie pa- 
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Table 2. patient Medical Therapy at the Time of Acclgnment sf Surgical Waitlit Category 
-_ 
Surgical Waidist Category -- 
Total Urgent Semi-A Semi-R Elective 
(n = 423) (n = 145) (It = 41) (n = 165) (n = 69) “he 
Intensive therapy 
lV/lM 128 (30.3) 88 (59.5) 5 (12.2) 26 (15.7) 9(13.2) < 0.olw1 
lABP 19 (4.5) 19 (12.8) 0 (0.0) 0 (0.0) 0 (0.0) < o.lmx 
Drag categories 
ASA 415 (98.1) 142 (96.0) 41 (100.0) 164 (98.R) 68 (lon.0) O.lal 
NTG 398 (94.1) 141(95.3) 39 (95.1) 154(92.1) 64d94.1) o.EoY 
ca 346 @LB) 129 (87.2) 33 (so.5) m(n.7j 55 (80.9) 0.186 
BB 312 (73.8) 110 (74.3) 29 (70.7) 1 IS (69.3) 58 (85.3) 0.085 
Heparin 133 (31.4) 92 (62.2) 5 (12.2) 27(16.3) 9 (13.2) < o.oom 
WarfUin 15 (3.6) 7 (4.7) 3 (7.3) 5 (3.0) 0 (0.0) 0.176 
ACE1 86 (20.3) 36 (24.3) 14 (34.2) 23(i9.9) 3 (4.4) 0.001 
Nnaben in parentheses are standard deviations for continuous variab!es or proponions for categoric variables. Proportions may nor add to I&X$ beclause of 
rounding. ACE1 = angioteasin-comertiag enzyme inhibitors: ASA = aspirin; BH = beta-b&ken; Ca =I calcium channel blockers: IABP = intmaonic balloon pump; 
IM = intramasealar; IV = intravenous: NTG = nitrates; other abbreviations as in Table 1. 
tients, whose longer delays would more likely provoke dissat- 
isfaction, were sampled. Although 16% expressed no anxiety 
consequent to their waiting time, 64% registered at least 
moderate anxiety (no difference across rankings, p = 0.980). 
Anxiety was greater among younger patients as compared to 
those older than 60 years of age (p = 0.020). While 16% of 
patients expressed anger with having their surgery delayed, 
only 4% felt that queuing patients according to medical need 
wcs unfair. 
Economic hardship, attributed directly to delayed surgery, 
was declared by 15% of those sunreyed. This primarily affected 
younger individuals, those still working, and patients in “blue 
collar” (manual labor) occupations (Table 6). 
Table 3. Patient Angiographic Information’ 
Discussion 
The benefits of coronary artery bypass surgery in the 
management of ischemic heart disease have been well estab- 
lished (28). However, the inherent tension within the Canadian 
health care system between the promise of universality of care 
and the finite nature of medical resources has led to managed 
delays for such therapy. Published data on queue management 
and outcomes are minimal. Recent work suggesting that 
waiting times for bypass surgery in Canada remain excessive 
(29) emphasizes the need for such data. 
The cuotext of the present study. Two recent Canadian 
studies have begun to shed light on this issue (2223). Carrier 
surgical WaiIlisI categmy 
Total urgent Set&A Semi-B -- We&e P 
(n = 423) (It = 148) (II = 41) (n = 165) (n = 69) VahX 
Number of diseased arteries 
One 29 (6.9%) 8 (5.4%) l(2.49) 14 (8.50,) 6 (8.73) 
Twv lIl(26.26) 35 (3.6%) 13 (31.7%) 43 (24X) xl (29.0%) 
Three or more 283 (66.9%) 105 (71.0%) 27165.8%) 108 (&5.4r,) 43 (i>.3Q) 0.175 
Diseased artery 
LMCA 89 (21.0%) 35 (23.7%) 16(39.0%) 33 (19.9%) 5 (7.4%) 0.001 
LAD’ 374 (88.49 ) 137 (92.6%) 33 (so.Sr,) 149 (89.8r,) 55 (30.9%) 0.028 
cx 323 (76.4%) 112 (75.7%) 31(75.6%) 125 (753%) 55 (80.9%) 0819 
RCA 350 (82.7%) 127 (85.8%) 33 (80.5%) 133 (BO.lR) 57 (83.8%) 0577 
Pmxbnally diseased artery 
LAD 360(85.1%) 131(8x5%) 33 (su.5%) 142 (855%) 54 (79.4%) 0283 
ch 306(72.3%) 107 (72.3%) 28 (68.3%) 119(71.74) 52 (76.5%) 0.813 
RCA 306 (72.3%) 113 (76.4%) ~ 2Y (70.7%) ,1!6 (69.9%) 48 (70.6%) 0.604 
MeanI 62.3 (13.6) 59.6 (14.6) 62.0 (16.6) 62.9 (Lu) 66.9 (10.4) 0.003 
‘Only cxromy arteries haviq 270% htmea aarmwq, orr5~ifieitmaio(LMCI\).~etabufatedNumbersinpareotheMareproportass for cate8oric 
variablesormeanvaluewith~ddcviacionfcrmotiaunsvaMMe..Ruportiom~aymttolOOgbber;tusedmunding.Qr=eireum&c~=~ 
firaerion(eoartdbe~WaioedaagiDgrapbicallgfor~419ps~ts);LAD=kft~~~RCA=~-lyutery;ucber~~ainTaMel. 
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Ta& 4. Time to Operation for 418 Surviving Patients, Stratified by Original Priority Rankin: .I_ - 
Waiting Time (weeks) 
51 >I-? >2-4 >4-IO >lO-16 > 16-24 X4 
Operation as Pheduled 
(n = 3X4) 
UrgCol 106 41 0 0 0 0 0 
Semiurgent A 0 5 28 3 0 0 0 
Semiurgent B 0 I I 94 48 0 I 
EIective 0 0 0 4 II 36 5 
Operation moved forward 
(n = 34) 
Urgent’ - - - - - 
Scmiorgenr A 0 I 3 0 0 0 0 
Semiurgent B 0 1 7 10 1 0 0 
Elective 0 0 I 0 5 2 I 
*By delinition, urgent patients are nor capable of further upgrade in priority ranking. Urgent = <2 weeks; 
Semiurgent A = within 2 to 4 weeks: Semiurgent B = within 4 to IO week% Elective = within IO to I6 weeks. 
et al. (22) retrospectively analyzed patients referred to the 
Montreal Heart Institute and found no effect of surgical delay 
on perioperative events. Naylor et al. (23) showed that fatal 
and nonfatal myocardial infarctions occurred infrequently dur- 
ing the preoperative waiting period. However, their study was 
hampered by selection bias because a se;f-selected population 
of cardiologists referred only a portion of their patients to the 
Ontario provincial triage network from which their consecutive 
series was drawn. 
The findings of the current Judy build on these previous 
observations by being prospective, more comprehensive and 
clinicaliy detailed. and by describing the system in a different 
part of Canada. The availability of bypass surgery at only a 
single cardiovascular center in the study catchment area meant 
Table 5. Select Characteristics of Patients Who Died 
that all patients referred for surgery were included, and 99% of 
these were followed to an outcome. in addition to the previ- 
ously investigated outcomes of interest, the number of patients 
requiring reclassification to a more urgent ranking because of 
deterioration in clinical symptoms was examined. 
Shortcomings include the fact that our data represent the 
experience of only one Canadian center. However, because our 
prioritization guidelines and waiting times are comparable to 
those found elsewhere in Canada (29,30) (Table 7), our results 
sh4d be broadly generalizable. More substantive is that we 
do not know what length of delay, if any, is appropriate. 
Although this important .jsue requires assessment, i; was not 
the focus of our study. We did examine whether we 3t least met 
local waiting time targets. 
-_- 
Patient No. Gender Age (~0 Category CAD EF ccs Time 1” Death/Operation* 
Dkd on wail list 
1 
2 
3 
4 
5 
Periopcrative death 
I 
M 69 
M 73 
M 60 
M 60 
M 19 
Elecrive 3 re\sel 62 111 8 days 
Urgent LMCA, 3V 21 IVC 1 day 
Semi-B 3 vessel 44 III Y days 
Semi-B 3 vessel 57 111 27 days 
Semi-A LMCA, 3V 55 III 2 days 
M 6x Urgent 3 wsel 11 111 7 t!qs 
2 M 66 Semi-B 3 veuel SO Iii Ci days 
3 M 66 Urgent 2 vcwl 61 IVC ’ day 
4’ M 67 Urgent 3 vewl t IVC I day 
5 F 71 Urgent 3 vessel 73 IVa 1 day 
6 M 12 Semi-B 1 vessel 55 III 64 day 
I M 75 Urgent 2 vessel 16 IVC 1 days 
8 M 63 Semi-A LMCA. 3V 61 III 25 dap 
9 M 76 Elective 3 YEC921 ‘8 IVa 109 days 
IO M 64 Urgent 2 vessel 53 IVC 1 &Y 
11 M 71 Urgent LMCA, 2V t IV, l&Y -~ 
‘Time from conference to death for patients who died on the waitlist and from mnferencc 10 operation for pcriopcrative deaths. Times arc rounded up to the 
waresI whole day (i.e., deaths at “I day” were <24 h). *Ejection fraction (EF) could not be measured angiogmphieally. All patients who die leriqcratively underwent 
operation as scheduled. CAD = coronary artery diisear; CCS = Canadian Cardiovasco’ar Society modified angina class&cation score (21,22) a( time of amfereace; 
F = tmak; LMCA = left main; IM = male; V = ve&. 
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Table 6. Perceived Economic Hardship According to Various 
Patient Strata 
were elderly and hence retired, while older women still con- 
sidered themselves active homemakers. 
Economic 
Hardship 
& (rean) 
60 
50-59 
60-s 
m-84+ 
Employment stahls 
Not workiag 
Working as employee 
Self-employed 
Worker type 
Blue mllar 
white collar 
Yes NO p Value 
7 8 
6 21 
2 30 
0 26 < o.@m 
5 ffl 
8 16 
2 5 0.005 
8 6 
2 15 0.018 
Reasons for sorgieal referral. Patients are referred for 
surgery for a variety of reasons. As in other centers (?.5), most 
bypass procedures at the Victoria General Hospital are for 
symptom control. However, the higher rates of heart failure, 
antifailurz medications, depressed ejection fractions and left 
mainstexr disease among urgent patients suggest that prognos- 
tic concerns featured prominently. 
Fairness and adherence to triage guidelines. An impera- 
tive of any system of managed &lay is that it does not 
discriminate against specific patient groups or unjustly show 
preference to others. Our results show no evident age or 
gender bias in priority assignment for bypass surgery. If 
anything, elderly patients tended to undergo more urgent 
surgery. The study was not designed to identify bias in referral 
to surgery; however, this also appears unlikely. The mean age 
of 64.2 years among our patients is higher than reported in 
other &radian (222331) and American (32) studies. Al- 
though gender differences in revascularization rates have been 
documented elsewhere in Canada (33,34), our proportion of 
female patients queued for surgery (28.4%) was higher than at 
other Canadian centers (2223). Importantly, the preponder- 
ance of patients with the most severe symptoms, patterns of 
coronary disease and left ventricular dysfunction in the more 
urgent categories allhmed that patients were being equitably 
prioritized according to medical need and hence consonant 
with the explicit guidelines on which our triage system was 
based. The finding that homemakers and retirees underwent 
earlier surgery may simply reflect confounding with age and 
greater burden of symptomatic disease. Many of our patients 
The appropriateness of individual cases was not addressed. 
Others (35) have compared patients referred for bypass sur- 
gery in the provinces of Ontario and British Columbia to 
patients in New York State and have suggested that, at least by 
comparison to Americans, Canadian physiians are more 
conservative in their referral decisions, and the inappropriate- 
ness rate of PIUL&IL~ L &i&xprently lower. There is no 
reason to suspect that this pattern is any different in Nova 
Scotia, where tertiary cardiovascular services are sing&rly 
regionalized. Drug dosages were not recorded, but if number 
of drugs is used to approximate intensity of medical therapy, 
then most patients were aggressively managed at the time of 
triage to surgery. The proportion of elective patients on triple 
antianginal therapy was slightly higher than for other groups, 
mainly because of a relatively greater rate of beta-blocker use 
(Table 2). However, beta-blockers are often poorly tolerated, 
especiaUy where the prevalence of both asthma and smoking- 
associated :‘bstr.xtive lung disease is high, as in Nova Scotia. 
On the other ban& beta-blockers are highly effective antian- 
ginals. Patienti unable to tolerate beta-blockers should be 
relatively more s?;nptomatic and hence more likely to require 
earlier symptom-modifying surgery. 
Table 7. Mean Waiting Tii (weeks) for Cardiovaxular Prwedures* 
study 
Area Canada 
General practitioner to specialist referral 
1993 4.0 4.2 (2.0-7.9) 
Specialiit referral to elective angiography 
1991 21 8.5 (2.1-122) 
1993 4.4 4.4 (0.9-7.9) 
.4ngiqgaphy to elective operation 
1991 25.9 21.3 (9.6-33.5) 
1993 14.0 15.0 (7.9-28.0) 
*Adapted from references 27 (19% data) and 28 (1992 and 1993 data). 
Numbers in parendteses refer to the snximai and miaimal waiting times across 
Canada 
vital risks of delayed operatinn. The risks of delayed 
bypass surgery appear to be small, although the absence of 
myocardial infarctions within the period of study likely repro- 
sents an anomaly. Naylor et al. (23) found preoperative 
myocardial infarction in 8 of 4% patients (1.6%) awaiting 
revascular&tion (bypass surgery or coronary angioplasty) and 
death in 5 (1%). The death rate while awaiting surgery (1.2%) 
in our study includes one patient with cardiogenic shock who 
died within I2 h of admission and 1 b of referral to surgery. If 
he is diirmted, the mortality rate drops below 1%. Indeed, 
our mortality rate was too low to identify any patient charac- 
teristics predictive of death. Whereas Naylor et al. (23) found 
that patients with left mainstem disease were at increased risk 
of death, we documented left mainstem disease and severe 
three-vessel disease as commonly among patients who died as 
among survivors. Notably, 19.9% of patients ranked semiur- 
gent B and 7.4% ranked electii had severe left mainstem 
disease. That none died or required reclassi6cation suggests 
that anatomic tlndings alone may not be as ominous in patients 
with stable symptoms and well-maintained fun&mal capachy. 
It cannot be assumed that an increase in surgical capacity 
su&cient to expedite surgery would have saved lives Four of 
the five deaths occmmd within 9 days of triage. If, for the 
purpose f comparison, we combine urgent with semiurgent A 
patients and semiurgent B with elective patients, these four 
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patients might have died while awaiting surgery even in a 
setting with urgent and elective delays comparable to those of 
the American private care system (24). Furthermore, combin- 
ing the 5 preoperative deaths on an “intention-to-treat” basis 
with the 11 perioperative death; results in a 3.8% figure, which 
is barely outside the 2.1% :o 3.7% perioperative mortality rate 
cakulated from a cross section of university hospitals (36). 
of concern was that 34 patients became unstable and 
needed their operations moved forward. In retrospect, many 
had presented with markedly symptomatic angina (modified 
Canadian Cardiovascular Society classes IVb and IVc). Al- 
though they subsequently settled, and their urgency ratings 
were downgraded accordingly, this degree of symptom severity 
proved to be a marker for future instability. Greater attention 
to this feature, as much as the ability to provide prompter 
revasculatization, might obviate problems with similar patients 
in the future. 
Impact of surgicd delay on quality of IIfe and eeooomie 
easta. The impact of delayed revascularization is incompletely 
measured by patient deaths or other cardiac complications. 
The effects on patients of persistent symptoms, the anxiety 
associated with waiting, and the hidden social and economic 
costs of ougoing medical care. lost work days and sick benefits 
must r&o be considered (4,9,37). Surgical delays produced 
anxiety for most patients that was more than moderate for 
two&ii Although the level of anxiety did not differ across 
urgency m&ings, patients whose waiting times were most 
protracted bore their anxiety longest. If relative anxiety levels 
or tolerance for symptoms, could be measured objectively, 
then perhaps these should be considered explicitly in the triage 
P- 
Finally, the economic cost of long operative delays was 
considerable. The additional expense of rehospitahzing the 37 
patients whose symptoms worsened amounted by itself to 
$517,000 Canadian dohars, based on an average daily hospital 
charge at the Victoria General Hospital of $1,066. Further- 
more, two elective patients delayed beyond 20 weeks required 
repeat coronary angiography at an approximate procedure cost 
of $l,ooO each. A complete analysii would additionally have to 
include the Costs of hospital stays for urgent patients, outpa- 
tient visits, lost productiity and income, social benefits and 
drugs. Whether investment of these dollars into expanded 
surgical services would lead to expedited surgery, as opposed 
to an increase in surgical referrals, may be worthy of study. 
Does managed &Iay work? We would prefer not to delay 
medical or surgical services. Yet even in the United States, the 
imperative to manage health care costs may require controls 
on the delivery of services (38). When medically deserving 
patients are considered equaily, it is ethically appropriate to 
assign precedence to those in whom the procedure can make 
the greatest diierence (9). The overwhelming majority (96%) 
of our patients surveyed agreed. Our results, and those of 
others (22J3), suggest that queuing can be performed eqttita- 
bly and with relative safety when explicit triage guidelines are 
~~~~~n~~~toj~~~~l~~t 
result in a prolongation, if not intensifmation, of both anxiety 
JACC Vol 27, No. 6 
May 19%:136s-73 
and’ symptoms for many patients and potential economic 
distress. This is espezially true because Canadian pa!ients 
encounter multiple delays in receiving care. In Nova Scotia, 
patients wait a mean of 4 weeks from general practitioner 
referral to elective cardiologist assessment and a further 2 to 1 
weeks for elective coronary angiography (28,?9). 
Yet pQst&n efficiency is constrained by limited medical 
resources. Chtr mean delay for elective surgery of 17.4 weeks 
(127 days) was down from 25.9 weeks in 1991 (28). Clearly, 
individual delays will vary over time, even within similar 
urgency categories and even without altering overall surgical 
capacity. Thus, in order for the system to provide the flexibility 
to accommodate periodic surges in emergent, urgent or up- 
graded cases, elective patients will be displaced, and their 
waiting times accordingly lengthened. Conversely, deaths or 
cancellations of queued patients may allow others to undergo 
surgery sooner. This explains, for instance, why four elective 
patients experienced shorter delays than 48 semiurgent B 
patients (Table 4). Nonetheless, actual waiting times exceeded 
local target standards for 49 of 144 (34.0%) semiurgent B and 
41 of 56 (73.2%) elective patients. More expeditious surgery 
will require expansion of revascrdarization facilities, and this 
will occur only if it becomes a societal priority or if government 
believes it might be cost-effective. Preliiinary indications that 
prompt revascularization may in fact generate savings in direct 
and indirect societal costs (37) merit further study. 
Conchrsions. It is likely that queuing, in some form, will be 
a persisting factor in the deliiery of health care services, 
Although negative features exist, positive effects include the 
promotion of more efficient service utiliition (39) and a 
practical solution to the problem of maintaining universality of 
health care during a time of fiscal restraint. Continuing assess- 
ment of queues and their impact on diverse outcomes is a 
prerequisite of any triage system, and this study contributes to 
that end. In addition to monitoring outcomes, health care 
providers and responsible government agencies or third-party 
payers shou!d take appropriate actions to maintain waiting 
times at acc::ptable levels in terms of minimizing patient 
jeopardy. Medicai delays in Canada are said to provoke “fear 
and loathing” among American physicians (16). We submit 
that it should not be the process of managed delay itself that 
should generate outrage, but rather the failure to improve the 
process and to provide adequate resources to match the 
medical need of patients. 
Appendix 
Guidelines for Establishing Priorities for Lwlated 
Coronary Artery &pass Surgery at the Victoria 
General Hospitai 
In determining priority, two major determinants (type of coronary 
artery disease and, symptom severity) (Table Al) and two minor 
determimts (left ventiicula~ fmction aad results of noninvmive 
tesIiog)iuelKed. 
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Table Al. Symptom Severity and Extent of Coronary Disease 
Modified Canadian tidiiasadar Society 
am Angina claKification 
CAD I-111 Na P/h WC 
L&t pinstem Semiurgem Urgent Urgent ww 
Uul~essel proximal left Semiurgenc Urgent Urgent urgent 
anterior descendii 
Muttives& no proximal left Ektive Semiurgent Urgenr Urgent 
anterior de-sending 
si-VesreJ prosimal left Semiurgent Urgent Urgent Urgei% 
anterior desomdiig 
One/wo.veael, no proximal Elective Electiie Semiurgent Urgent 
leh anterior tinding 
CAD = wmnary artery d&se. 
In additiom Functional limitation by stress testing, despite maximal 
medical therapy, further modifies rankings independent of anatomy 
as fob <2 metabolic equivalents (METS) = semiurgent A; 
2-5 METS = semiurgent B; >5 ik!f = elective. Left ventricular 
ejection fraction less than 40% may lead to a discretiottary increase in 
priority ranking. 
Note that stratitication does not take into account symptcm 
duration, time from speciafii referral or angiogtaphy to conference 
date or such nonmcdical issuez as empbytwnt status. Ako, the above 
arc only guidelimes, and prioritization may be indiiualized by con- 
smsus depending on dinii circumstances 
References 
1. Watson A, Halpin J. Health care in the US and Canada. Br Med J 
1994308:793. 
2. Hayes GJ, Hayes SC, Dykstra T. F%ysiciam who have practiced in both tbe 
United States and Cam+ cwpare the systems. Am J Public Health 
1993;83:1544-8. 
3. Glaw WA The United States needs a he&h care system lie other 
countries JAMA 1993;270%%4. 
4. Naylor CD. A different view of queues in Ontario. Health AE (b4iIlwod) 
1991;1&110-2z. 
5.NaykrCD Ti~Canadiwheakhcaresystem:amodelfnAmericato 
emulate? He&h Emn 19%?$:19-37. 
6. HughesJS.Horv~vellharCaaada~taiaedtheasaofdoct~?JAMA 
19%?65:2347-51. 
7. Evans RG, Lomas J, Barer ML, et al. Controlhi health expenditure--the 
Canadian reality. N EngI J Med 1989,320571-7. 
8. Ems RW. Health care k&nolo@ and the inevitability of resource alloca- 
thn and rationing decisions Part II. JAMA 1983~4’?.2iM7-53.22%19. 
9. Cm JL Ethics of queuing for mronaxy artery blpars surgery in Canada. Can 
Med Asoc J 1994$1:949-53. 
10. Tyler T, May&k M. Semnd heart patient dies as surgery delayed Y times. 
Toronto Star, January 6,1989AZ 
11. Bellett G. Now govermneat faces m&pm&e suit. Medical Post 1990; 
26(June 19):l. 
12. Walker MA, hi&ate 3. Gldwuan S, Hoye L Waiting your hw: Hmpitat 
witiq lists in Canada, 2nd ed. Fraser Fomm Fe+tuary 1992:~~38. 
13. Berga TJ. Queuing h Canada [k&r]. JAMA 199&267Z4. 
14. Sunnan OS Owing in Qnada [ktter]. JAMA 19%267%4. 
lS.BarnesJA.Caaadiamaosrborderu,savetheirliva.TheWallSmet 
Jowad, December 12.1!?Xks\16. 
COXED-AL 1373 
WAlTtNG FOR BYPASS SURGERY 
16. Sulliian P. The AhfA lo& North with fear and loathing. Can Ued Assx J 
199@142so-1. 
17. Ugnat A-M, Naylor CD. Trends in eoronaty artery bypass gmftiig in Ontario 
from 1981 to 1989. Can Med Asoc J 1993;148%9-75. 
18. Higgimon tAl, Cairns JA, Keen WJ, Smith ER Rates of cardiac catheter- 
i.?aliw, -ry angioplacty and op-hem sqey in adults in calm&l 
Can Med Amoc J 1992;146921-5. 
19. Naylar CD, LevitUrn CM. Wkeler SM. Hunter L Queuing for oomoary 
surgery during severe supply-demand &match in a Canadii referral 
cenm: a cm mdy d implicit &m&g. Sot Sci Med 1993;37( 1):61-7. 
20. KauS1,MizgalaHF,WelcbG,BritnhCdumbia~patientstoSeank 
for mmnary artery surgery: bypassi the queue in Canada. JAMA 1991: 
xkll@s-11. 
21. Naylor CD, Bai@ R.S, Goldman RS. Ikahki A Rwasadakticm Panel 
aadcalseusas~hodsGmup. A,se%wntofpliorityfaammaryrev~ 
cultitiw p”edures. Lallcet 159tk335:1070-3. 
22. Cattier M, Pineauk Q Tremhhy N, Pelletier C. Gwonx of rationing - 
to openkzsl surgery: effect of the wit for elective sxgq on pwnt 
omcome. Can Med Awe J 1993;149:1117-22. 
23. Nayh CD. Morgan CD, kvioron CMq et al. Waiting for coronary revas- 
cdaizadon in Tomnlo: 2 yews’ cxpeciena slim a regional referral ofice. 
Can Med Asm J 1993;149955-62. 
24. Card RI, Horn SD, So&+& B. James BC, Malmberg L International 
wmpmisan of waiting times for sekted cardiovaxvlar prwdu~es. J Am 
cd cadi01199%;2587-fs. 
25. Ryan TJ. International compmiwm of waiting limes for ardiwscadar 
procedures:acomnndaryoatheionbqucw,JAmCdlCudiol1995;25: 
564-6. 
29 H&imonLAJ,CairmJASmitbERRatesofcardiacrathaemaiioo, 
caamly~daxorrarymtay~surberyioCaodsl1~1). 
Can J Card& 1994;14728-32 
3o.Rammyc,WalkerM.waitiagplatlrnrbapitalwaitii~incaaada 
(4th al.). Fracer Forum (Critical Isues Bulktin), July 19942327. 
31. w M, Na-Ayudhya RK Tea KK et al. Tk changing d&al 
p&deofaxmatyarterybypaegmft@iea&197%198%CanJCardid 
1994;1&71-6. 
3Zr~K$FiaeAC,Wad*yJJ,etaL^fhechanbiabpofrleddr 
patientwdcrg&gmmuuyaruxy~snrgery.JAmCe4tCwtid 
1988;11:49(-8. 
33. Nayiam,Levinto.cmses-rehtedwerwminwlamyrev+ccphm, 
5oofPlacihlIle~fmaaaqaale~caaor$cmot 
Cm Med Aswc J 1993;149XiS-73. 
